Abstract. Despite modern drugs and technologies in medicine
Introduction
Inadequate treatment of acute postoperative pain leads to the development of a number of complications that practical doctors do not always associate with insufficient anesthesia. These complications include pulmonary complications with the development of atelectasis, hypoxemia and pneumonia, as well as the development of cardiovascular complications such as hypertension, cardiac arrhythmias and the development of acute coronary syndrome. Inadequate postoperative analgesia increases the risk of thromboembolic complications because of prolonged immobilization. In addition, inadequate postoperative analgesia may increase postoperative mortality, hospitalization duration and treatment costs [1, 2, 3] .
Preemptive or preventive analgesia are currentlyused as methods for adequate perioperative analgesia [4, 5] . The effectiveness of such approaches is still a discussable question in medical literature. The idea of preventive techniques is that the administration of analgesics before acute nociceptive stimulation (surgical incision) will reduce central sensitization in the neurons of the posterior horns of the spinal cord more effectively, compared to the administration of the same drugs introduced after surgical trauma [6] . The intensity of postoperative pain and the need for analgesics should be significantly reduced as a consequence.
By definition, preventive analgesia is the treatment of acute pain that begins before surgery for the reduction of the physiological consequences of afferent nociceptive transmission caused by surgery and prevention of central sensitization [7] .
Despite the definition of preventive analgesia is given in the fourth and fifth editions of the guidelines for the treatment of acute postoperative pain [8, 9] researchers often use other definitions (balanced preemptive analgesia, protective analgesia, anti-hyperalgesia, etc.), which creates certain difficulties in interpreting the results of studies on preventive analgesia. Therefore conflicting results can be found during the analysis of the available data on the effectiveness and ineffectiveness of this technique [10] .
Studies on the effectiveness of preventive techniques for perioperative analgesia with various analgesics continue nowadays. They are focused on non-steroidal anti-inflammatory drugs, opioid analgesics, anticonvulsants (gabapentin, pregabalin), ketamine, and local anesthetics.
We conducted a prospective study of the effectiveness of the administration of NSAID dexketoprofen trometamine in combination with Infulgan (paracetamol) prior to the surgery and compared it to the administration of the same drugs at the end of the operation. We assessed postoperative pain intensity, the need for opioids in the perioperative period and stress response during surgery.
Materials and methods
A prospective study was performed at the department of anesthesiology and intensive care of the National Cancer Institute (Kyiv). The study included 53 patients with colorectal cancer, according to the ASA II-III. Informed consent of all patients was obtained before the study.
Patients (n = 26) with colorectal cancer in stage T 1 N 2 M 0 -T 2 N 2 M 0 were included in the study group (Gr.1). They underwent a general anesthesia with sevoflurane in a low-flow technique combined with epidural anesthesia. The epidural block was performed at the Th 10 -Th 11 le vel according to a standard procedure. After the test dose, 10-12 ml of a 0.125 % solution of bupivacaine in combination with fentanyl (50 μg) were epidurally administered. The prolonged epidural analgesia with a mixture of bupivacaine 0.125 % and fentanyl 1 μg/ml at a rate of 6-10 ml/h was continued in the postoperative period.
Combined anesthesia based on sevoflurane was performed after the tracheal intubation using the low-flow technique at a concentration of 0.4-1.5 MAC, sufficient to maintain the bispectral index at 40-50. Multimodal analgesia included the administration of dexketoprofen 50 mg and paracetamol (Infulgan) 1000 mg in 25-30 minutes before the surgical incision.
The comparison group (Gr. 2) included patients (n = 27) with colorectal cancer in T 2 N 0 M 0 -T 3 N 2 M 0 stage. They underwent surgery under general anesthesia with sevoflurane in combination with prolonged epidural analgesia according to the procedure described in Gr.1. Multimodal analgesia included the administration of dexketoprofen 50 mg and paracetamol (Infulgan) 1000 mg at the end of the ope ration before suturing of the surgical wound.
Fentanyl was used for the intraoperative anesthesia at the recommended doses, depending on the parameters of hemodynamics and BIS. In both groups, muscle relaxation was maintained by atracurium at a dose of 0.1-0.2 mg/kg under the control of electromyography. The cardiovascular and respiratory systems were monitored intraoperatively: non-invasive blood pressure (mean), heart rate every five minutes, ECG, SpO 2 , BIS, et CO 2 , etSev, MAK using the Phillips MP60 monitor.
Patients were transferred at the intensive therapy unit after the surgery. Dexketoprofen 50 mg 3 times a day, paracetamol 1000 mg intravenously i.v. 4 times a day and prolonged epidural analgesia with a bupivacaine 0,125 % in the combination with fentanyl (1 μg/ml) at a rate of 6-8 ml/hour for 3 consecutive postoperative days were prescribed to all patients as a postoperative analgesia.
Main assessment criteria of the study results were: the intraoperative need for analgesics / anesthetics, postoperative pain intensity in 1 hour after the operation and then every 2 hours after during the first day, hemodynamic parameters every 5 minutes, intraoperative pain intensity by ANI monitor (analgesia nociception index) [24] constantly online with a fixation in the card every 5 minutes, the level of sedation with BIS, as well as the level of stress response by determining the cortisol plasma level and the level of glycemia. Cortisol plasma levels and glycemia were assessed before the operation, at the end of the operation and a day after the operation (for glucose).
Cortisol level was determined by radioimmunoassay (RIA) with a set of RIA-cortisol-ST (Belorus) in the scientific research laboratory of clinical immunology of the National Cancer Institute.
Statistical analysis of the results was performed by means of the software "STATISTICA 8.0" (StatSoft, Ink., 2008). An estimate of the distribution of continuous data in groups was carried out by plotting the distribution diagrams, and also by the Kolmogorov -Smirnov criterion. Given that the distribution in the groups was abnormal, a comparison between the groups was conducted using nonparametric methods of data evaluation. The descriptive statistics included average calculi with standard error and 95 % CI, standard deviation, median and quadratic modulus (range between 25 and 75 percentile). The comparison between the groups of quantitative indicators was carried out using the Mann -Whitney criterion, qualitative tests using the two-sided Fisher test. Statistically significant differences were considered for the probability of type 1 error of less than 5 % (p < 0.05).
Study results
Fifty-three patients were included to the study. Groups did not differ by the disease's stage (TNM classification). Charac teristics and perioperative parameters of patients, which were included in the study are presented in Table 1 .
Plasma cortisol level before the operation did not differ between the study groups ( Fig. 1 ). Insignificant increase in cortisol level in patients Gr.1 was found at the end of the operation. A significant increase was found at the end of the operation In patients Gr.2 (p = 0.0017), with statistically significant difference with Gr.1 (p = 0.0033).
The level of glycemia before the operation differed insignificantly between study groups. Glucose plasma level increased in both groups by the end of the operation, with a more significant increase in Gr.2 in comparison with Gr.1, p = 450.0033, and remained elevated to the end of the first day of observation without significant differences between the groups. The level of glycemia in both groups, despite a statistically significant increase in the stages of the study, was clinically insignificantly higher than the upper limits of the norm (Fig. 2) . The intraoperative level of sedation in patients Gr.1 was more stable than in Gr.2 (Fig. 3) .
Intraoperative assessment of pain intensity according to ANI-monitor showed that patients in Gr.1 the fluctuations of this index were less pronounced in comparison with Gr.2 patients, not exceeding the upper and lower limits of the norm for ANI monitoring (40-70) (Fig. 4) .
With a more detailed analysis of the quality of pain relief during anesthesia, the ANI monitor's pain score was calculated below 40 and above 70 points. the frequency of fixation of scores of 40 or less were not detected in patients with Gr.1 (0 %), whereas above 70 the rate of assessments was 86 (34 %). In patients in Gr.2 the rate of fixation of scores below 40 was 23 (7 %), (p = 0.0001, when compared with Gr.1), and above 70 this indicator was 99 (30 %), p = 0.445 (when compared with Gr.1).
Patients Gr.1 and Gr.2 received prolonged epidural infusion of bupivacaine 0.125 % in combination with fentanyl 1 μg/ml in a complex with multimodal analgesia with Infulgan 4 g/day and dexketoprofen 50 mg 3 td in the postoperative period. 7 patients of Gr.1 required additional anesthesia when exceeding the VAS by more than 5 points in the first day after operation, whereas 9 patients in Gr.2 required additional anesthesia, p = 0.780. In 2 patients, Gr.1 required the administration of omnopon 2 times, and repeated administration of omnopon was required in 5 patients, p = 0.432. When assessing the intensity of pain in the first 24 hours after the operation on the VAS scale, it was established that in patients Gr.1, the intensity of pain during movement did not exceed 4 points in any control point, whereas in patients with Gr.2 the pain intensity was more than 4 points was noted 6, 12 and 18 hours after the operation (Fig. 5) .
In a detailed analysis of the adequacy of analgesia in the first postoperative day, a score of 5 or more points in each group of patients was counted. In patients Gr.1, the incidence of pain more than 4 points was 12 from 160 assessments for the first postoperativeday, whereas in patients Gr.2 it was 95 from 210, p = 0.0001.
Discussion
The idea of preventive analgesia was originally tested in ani mal models, which showed a change in the plasticity and sensitization of the central nervous system after nociceptive stimulation [11] . The use of analgesics before the application of the pain stimulus could prevent the development of painful hypersensitization and, thereby, reduce the in- Cortisol in plasma tensity of postoperative pain and the consumption of analgesics. Despite the attractiveness of the idea of preventive analgesia and the positive effect in animal models, research data in humans remain contradictory [12] . Perhaps this is due to the fact that researchers use different versions of preventive analgesia. For example, a single administration of parecoxib and ketorolac before surgery did not show any advantages over the standard postoperative approach. The authors did not observe a decrease in the dose of opioid analgesics in the postoperative period, a reduction in the frequency of adverse effects of opioids and the time of the first requirement for the administration of analgesics [13] . Other authors made a direct comparison of the efficacy of sodium parecoxib and ketorolac in laparoscopic sterilization [14] . Parecoxib sodium was administered at a dose of 40 mg before surgery, whereas ketorolac was administered at the end of the operation. The authors concluded that parecoxib 40 mg when administered prior to surgery was less effective than ketorolac at a dose of 30 mg when administered in the first hours after surgery.
Despite of the unsatisfactory results of some studies on the effectiveness of preventive analgesia, most of the studies have shown that this approach provide effective in analgesia [15, 16, 17, 18, 19, 20] .
Score below 40 (ANI monitoring) was not observed in patients of Gr.1, while 7 % of patients in Gr.2 had score below 40 was observed in. So, quality of anesthesia was higher in patients of Gr.1. According to the ANI monitor, a score of less than 40 is considered not adequate anesthesia. Development of hyperalgesia is considered, when the scores are higher than 70. No statistically significant differences were found when comparing the number of scores greater than 70 points between two groups in our study. It can be assumed that the administration of analgesics (in our study dexketoprofen and paracetamol (Infulgan) prior to the operation provides for a higher quality of analgesia compared with the administration of these drugs at the end of the ope ration. More effective analgesia in Gr.1 was confirmed by a less pronounced stress response, which was manifested by a lower level of cortisol in plasma and glycemia at the end of the operation compared to Gr. 2.
Average dose of fentanyl during operation was reduced in patients of Gr. 1, who received analgesics prior to the surgery. Opioid saving effect of preventive analgesia has also been established in other studies of the effectiveness of this technique. In a randomized, double-blind, placebocontrolled study, the authors compared the administration of etoroxib 120 mg per os one hour before the operation with its administration after surgery [21] . A decrease in the dose of morphine in the first day after the operation and a better quality of anesthesia without increasing side effects were shown.
It was shown in our study that on the base of more adequate analgesia in Gr.1 during the operation, the sedation level (according to BIS monitoring) was more stable than in patients with Gr.2, although in both groups the sedation level did not go beyond the reference values.
Administration of analgesics before the onset of a surgical trauma contributes to a reduction in the intensity of pain in the first 24 hours after the operation. Pain score was significantly higher in patients Gr.2 in comparison with patients in Gr.1. The need for additional analgesia appeared more frequently in patients in Gr. 2, because of insufficient postoperative analgesia, but this difference was not statistically sig nificant. This confirms once again the situation that the preventive analgesia, started prior to the surgical operation, significantly reduces the intensity of pain in the early post operative period and reduces the need for additional administration of analgesics. In our study, patients received the same analgesia in the postoperative period -prolonged epidural analgesia in combination with dexketoprofen and paracetamol (Infulgan). Despite this, patients in Gr.2 often experienced postoperative pain (more than four points in the VAS), compared to patients in Gr.1, who used preventive analgesia.
The results of our study once again confirmed the effectiveness of preventive approaches to perioperative anesthesia. Our results coincide with the results of other studies on preventive analgesia. Thus, it was shown in the study, that the administration of paracetamol prior to caesa rean section significantly improved the quality of analgesia, reduced the intraoperative need for fentanyl and the frequency of side effects of opioids, when compared to the introduction of paracetamol at the end of the operation. The study [23] , that was performed in 90 patients after abdominal hysterectomy, showed that administration of paracetamol at a dose of 1 g. 30 minutes prior to surgery significantly reduced the intensity of postoperative pain at rest and during movement, and significantly reduced the dose of morphine in patients with controlled analgesia (PCA), when compared to the administration of paracetamol before operating wound closure. The administration of paracetamol both before and after the end of the operation did not affect the indices of hemodynamics. We used combination of dexketoprofen and paracetamol (Infulgan) for the preventive analgesia in our study, as important components of multimodal analgesia. According to the latest recommendations for acute postoperative pain treatment [9] , multimodal analgesia in combination with NSAIDs and paracetamol should be used routinely.
Conclusions
The study compared two approaches of preventive analgesia -the administraion of dexketoprofen and paracetamol 30 minutes prior to the operation and administraion of these drugs before closing the surgical wound for surgical interventions in oncoproctology. The study showed that the administration of dexketoprofen and paracetamol (Infulgan) prior to the surgery reduces the intraoperative requirements for fentanyl, contributes to more adequate analgesia during surgery, reduces the intensity of postoperative pain in the first day after the operation, and the need for additional administration of opioid analgesics.
